
PATENT SPECIFICATION (11) 1571 844 

TT 00 
lH 

(21) Application No. 7000/77 (22) Filed 18 Feb. 1977 
(31) Convention Application No. 

659 930 (32) Filed 20 Feb. 1976 in 
(33) United States of America (US) 
(44) Complete Specification published 23 July 1980 
(51) INT. CL.3 B01D 59/00 
(52) Index at acceptance 

C IA D16 G36 G36D16 VD 
(72) Inventors RICHARD KENNETH LYON 

PHILIP NATHAN EISNER 
WILL IAM ROGER LAKE THOMAS 

(54) ISOTOPE SEPARATION 

(71 ) W e , EXXON RESEARCH AND 
ENGINEERING COMPANY, a Corporation duly 
organised and existing under the laws of the 
State of Delaware, United States of America, 

5 of Linden, New Jersey, United States of 
America, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de-

10 scribed in and by the following statement:— 
The instant invention relates to a method 

and apparatus for carrying out a process 
for separating a mixture of isotopes present 
in a compound, preferably a gaseous com-

15 pound, into two or more parts in each of 
which the abundances of the isotopes differ 
from the natural abundances of the isotopes 
in said compound. More particularly, the 
invention relates to a method and apparatus 

20 for carrying out a laser induced, isotopically 
selective conversion of gaseous molecules in 
such a manner as to achieve more than one 
stage of isotope separation along the length 
of the laser beam. This invention is useful 

25 for but not limited to the separation of the 
isotopes of uranium, e.g., UF8, wherein 
either the U235 or U23g isotope is selectively 
excited by means of irradiation from an 
infrared laser, operating at a wavelength 

30 corresponding to an absorption band of UFe, 
and said selectively excited isotope is con-
verted into a product that can be recovered 
from UF6 by means of unimolecular dis-
sociation, chemical reaction with a reactant 

35 gas or photodissociation (or photoioniza-
tion) by means of a second laser operating 
in the visible or ultraviolet region of the 
spectra. 

The prior art relevant to isotope separa-
40 tion may reasonably be divided into three 

groups. The first of these groups consists of 
references which teach a process and appara-
tus for the separation of isotopes by the 
selective ionization of vaporized atoms of 

45 an element. Examples of this art include 

METHOD AND APPARATUS 

U.S. Patents 3,772,519 and 3,740,552, and 
German Patents 2,404,577 and 2,312,194. 
The process of U.S. Patent 3,772,519 in-
volves the formation of a beam of atomic 
vapor by a high temperature vaporization 50 
of refractory metals such as uranium into 
high vacuum, the use of a laser to excite 
atoms of one isotope, the subsequent ioniza-
tion of these excited atoms, the use of electro-
magnetic means to deflect the ions out of 55 
the atomic beam, and the collection of the 
ionized and unionized atoms on collection 
surfaces where they form metals which are 
isotopically enriched. This separation pro-
cess is essentially physical rather than 60 
chemical in nature. The apparatus used to 
carry out this process includes means for 
high temperature vaporization of refractory 
metal, means for maintaining high vacuum, 
means for electromagnetically separating 65 
ionized and unionized atoms and collection 
means. In the ordinary sense of the word 
no chemical reaction occurs during the pro-
cess thus the apparatus is not designed for 
use in carrying out ordinary chemical re- 70 
actions, i.e. reactions carried out at tem-
peratures less than 1000°C and pressures 
greater than 1 torr. 

U.S. Patent 3,740,552, German Patent 
2,404,577 and German Patent 2,312,194 75 
teach processes and apparatuses generally 
similar in nature to U.S. Patent 3,772,519. 
The apparatuses of all these references are 
readily distinguished from the apparatus of 
the instant invention since the latter is suit- 80 
able for carrying out ordinary chemical re-
actions. Also the method of separating iso-
topes, taught in the instant invention, does 
not require the use of ultrahigh tempera-
tures, thus the apparatus taught and claimed 85 
herein does not require means for high 
temperature vaporization. 

The second art group includes U.S. Patent 
3,558,877 and German Patents 2,065,253 and 
2,311,584. The processes of these inventions 90 
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teach the use of laser radiation to push one 
isotopic species in a given direction thereby 
achieving a physical separation. Since the 
processes of these inventions do not involve 

5 chemical reaction, the apparatuses disclosed 
do not provide means for the management 
of chemical reaction. Thus, both the process 
and apparatuses taught therein are clearly 
distinguished from the instant invention. 

10 The third art group includes U.C. Patents 
3,443,087 and 3,937,956, German Patents 
2,403,580 and 2,324,779, and British Patent 
1,284,620. A l l of these references teach a 
process wherein a gaseous molecular species, 

15 e.g., UF6, is subjected to isotopically selec-
tive excitation via laser. In U.S. Patent 
3,443,087 the excited molecules are then 
photoionized and the ions recovered either 
by electro-magnetic means or by chemical 

20 reaction. The other references teach that the 
excited molecules may be photo-dissociated, 
may undergo unimolecular dissociation, may 
react with some second gaseous species, or 
may by other means be converted to a 

25 chemically different form which is then re-
covered. None of these references lay 
explicit claim to a preferred apparatus, but 
each implicitly describes an apparatus by 
describing how the separation process is to 

30 be carried out. The apparatuses thus im-
plied are of generally similar nature and 
the most detailed description is provided 
by German Patent 2,403,580. This reference 
teaches that the molecules to be isotopically 

35 separated flow into a "dissociation chamber" 
where they are subjected to laser irradiation 
and undergo chemical reaction. The reacted 
and unreacted molecules then flow out of 
the dissociation chamber to a "physical 

40 separator" where they are separated, and 
the unreacted molecules discharged are iso-
topically depleted. The reacted molecules 
are either accepted as isotopically enriched 
product or chemically converted back to 

45 the nnreacted chemical form and sent "for 
a second run through the chamber" (page 
7, line 8) thus becoming further enriched. 
Presumably i t would be within the scope 
of this reference to recycle the isotopically 

50 depleted molecules through the dissociation 
chamber and further deplete them. 

Although such recycling is feasible in 
principle, it has the drawback that storage 
facilities for materials of various isotopic 

55 enrichments and depletions are necessary. 
Such storage facilities are an expense in 
themselves and the material stored within 
them is an expensive investment. Several of 
the cited references teach an alternative to 

60 storage and recycling through the same re-
action system, thus in referring to the figure 
which shows the apparatus used to carry 
out the process disclosed in U.S. 3,443,087 
it is stated that " I t should be understood 

65 that the device described above, which is 

shown schematically on Figure 2, is a stage 
of a plant consisting of several stages inter-
connected according to the method of frac-
tional purification with reprocessing of the 
gas stream enriched in U£35FG on the one 70 
hand and of the depleted gas streams on the 
other." (See column 3, lines 36-41). This is 
the method of staging an isotope separation 
well known in the prior art and it is re-
ferred to by several of the above-cited 75 
references. The disadvantage of the prior 
art method of staging isotope separation is 
that to obtain an isotopic separation cor-
responding to several stages of isotope 
separation one must provide several separa- 80 
tion apparatuses, each complete with its own 
laser and associated hardware. Such multi-
plicity of apparatuses represents a great 
expense. 

I t is an object of the instant invention 85 
to minimize or overcome these disadvan-
tages, to provide a new and improved 
method and apparatus for carrying out iso-
tope separation. 

In accordance with one aspect of the in- 90 
vention there is provided a method of 
operating upon a compound which includes 
isotopes of an element to provide a product 
which is enriched in one of the isotopes of 
said element, including the steps of: 95 

(1) providing irradiation along a path 
extending between two spaced-apart loca-
tions; 

(2) introducing said compound into said 
irradiation path at a first introduction point 100 
between said two locations and flowing said 
compound towards a selected one of the two 
locations; 

(3) converting said compound in the 
irradiation path to said product in an iso- 105 
topically selective manner; 

(4) removing said product from said 
irradiation path at a first removal point 
between said first introduction point and 
said selected one of the two locations; 110 

(5) converting said product removed at 
said first removal point into said compound 
thereby providing a first stage enriched com-
pound; 

(6) introducing said first stage enriched 115 
compound into said irradiation path at a 
second introduction point between said first 
introduction point and the other one of the 
two locations, and flowing said enriched 
compound towards said selected one of the 120 
two locations; 

(7) further converting the enriched com-
pound in the irradiation path to said pro-
duct in said isotopically selective manner; 
and 125 

(8) removing said product from said 
irradiation path at a second removal point 
between said second introduction point and 
said first introduction point. 

Preferably the method also includes the 130 



1 1 571 844 3 

steps of: 
(9) converting said product removed at 

said second removal point into said com-
pound thereby providing a second stage en-

5 riched compound; 
(10) introducing said second stage en-

riched compound into said irradiation path 
at a third introduction point between said 
second introduction point and said other 

10 one of the two locations, and flowing said 
enriched compound towards said selected 
one of the two locations; 

(11) further converting the enriched com-
pound in the irradiation path to said pro-

15 duct in said isotopically selective manner; 
and 

(12) removing said product from said 
irradiation path at a third removal point 
between said third introduction point and 

20 said second introduction point. The second 
introduction point is preferably chosen so 
that the isotope composition of said first 
stage enriched compound is approximately 
the same as that of the compound in the 

25 irradiation path at said second introduction 
point. 

In accordance with another aspect of the 
invention there is provided apparatus for 
operating upon a compound which includes 

30 isotopes of an element to provide a product 
which is enriched in one of the isotopes of 
said element including: 

(1) means for defining an irradiation 
path, said irradiation path extending between 

35 two spaced-apart locations; 
(2) means for introducing said compound 

into said irradiation path at a first intro-
duction point between said two locations so 
as to flow said compounds towards a selected 

40 one of the two locations; 
(3) means for irradiating said irradiation 

path whereby, in use of the apparatus, said 
compound will be converted to said pro-
duct in an isotopically selective manner; 

45 (4) means for removing said product 
from said irradiation path at a first removal 
point between said first introduction point 
and said selected one of the two locations; 

(5) means for converting said product 
50 removed at said removal point into said 

compound whereby, in use of the apparatus, 
a first stage enriched compound is obtained; 

(6) means for introducing said first stage 
enriched compound into said irradiation path 

55 at a second introduction point between said 
first introduction point and the other one 
of the two locations; and 

(7) means for removing said product 
from said irradiation path at a second re-

60 moval point between said second introduc-
tion point and said first introduction point. 

Preferably such apparatus also includes: 
(8) means for converting said product 

removed at said second removal point into 
65 said compound whereby, in use of the 

apparatus, a second stage enriched compound 
is obtained; 

(9) means for introducing said second 
stage enriched compound into said irradia-
tion path at a third introduction point be- 70 
tween said second introduction point and 
said other one of the two locations; and 

(10) means for removing said product 
from said irradiation path at a second re-
moval point between said third introduction 75 
point and said second introduction point. 

A preferred embodiment of the invention 
will now be described with reference to the 
accompanying Figure. Laser radiation of 
the kind appropriate to the process being 80 
run is generated by laser system 1. The radia-
tion 2 passes through 3, a window or other 
light transmitting device, and thence into 
4, the reaction tube. In this illustration, the 
traversal of the flow path and the optical 85 
path, i.e. irradiation zone, comprises sub-
stantially the total volume of the reactor 
tube. Conditions within reaction tube 4 such 
as temperature, pressure, reactant concen-
tration, etc. are maintained by means known 90 
in the art within those ranges appropriate 
to the process being run. The compound 
which contains the element whose isotopes 
are being separated is designated throughout 
the follwing discussions as A and the pro- 95 
duct formed by chemical conversion of A 
under laser radiation (ie. the product which 
contains said element) is designated as B. 
A, which is a fluid, preferably a gas, enters 
reaction tube 4 via entrance tube 6. The 100 
entering A may be of natural isotopic 
abundance. As shown, entrance tube 6 is 
near the middle of reaction tube 4 rather 
than near the ends, nevertheless there is 
only one direction of net flow of A within 105 
the reaction tube. This direction of net flow 
may be either opposite to the direction of 
travel of laser radiation as shown in the 
Figure or in the same direction. Distributed 
along the length of the reaction tube are 110 
a number of product recovery means 7, 
which are connected with the reaction tube 
by means of conduit a. These recovery means 
separate A from B, and return A to the 
reaction tube via conduit b. The recovered 115 
B is passed via conduit c on to converters 
8, wherein B is converted to A, however A 
is enriched in the isotope which is selec-
tively converted into product B. The re-
converted A from each converter is returned 120 
via conduit d to the reaction tube at a point 
upstream of where the corresponding product 
recovery means removed the product B. The 
product recovery means which is furthest 
upstream is an exception to the above. It 125 
need not have an associated reconverter 
since the B it recovers is highly enriched 
and may be sent via conduit e on to what-
ever further processing is required to convert 
the encircled A to the desired end use. 130 
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Highly depleted A exits from the exit tube 
5 and is sent on to whatever further pro-
cessing is required for it. 

Four design features are necessary in the 
5 operation of the above described preferred 

embodiment. 
First it is necessary to provide an optical 

path for the laser radiation. Said optical path 
may be straight or bent by means of mirrors 

10 or similar devices or means. I t is preferred 
that said optical path be of sufficient length 
to provide optimum absorption of the laser 
radiation. Said optical path may be outside 
the laser system or may be located within 

15 the resonant cavity of the laser or lasers. If 
the process being used involves more than 
one laser then the optical path may be 
external to one or more lasers and internal 
to others. Thus, for example, if a laser is 

20 employed at each end of tube 4 then either 
or both could use the resonant cavity of the 
laser itself as the optical path for laser 
radiation. I f the optical path is within a 
resonant cavity of a laser then too much 

25 absorption of the laser radiation will cause 
excessive losses and failure of laser oscilla-
tions. Too little absorption will result in too 
little of the radiation being absorbed and 
utilized by the isotope separation process. 

30 One may avoid these problems by using an 
optical path length corresponding to an 
absorption that is more than 1% and less 
than 70% of the gain of the resonant cavity. 
However, if the optical path is outside the 

35 lasers then there is no requirement to avoid 
excessive losses; optimum absorption of the 
laser radiation is the absorption of as large 
a fraction of said radiation as the process 
can usefully accept. 

40 The second requirement is that means be 
provided so that there is a net flow of the 
moluecules, preferably gaseous molecules, 
which contain the element whose isotopes 
are being separated along a flow path, said 

45 net flow traversing the optical path of the 
laser. I t is preferred that the direction of 
said flow be either in the same direction as 
or in opposite direction to the optical path 
so that efficient irradiation of the molecules 

50 is obtained. 

The third requirement is that there be a 
plurality, i.e. three or more, of product 
recovery means distributed along the 
flow path, said product recovery 

55 means each recovering chiefly the 
product formed within an associated section 
of the irradiation zone defined by the 
traversal of the flow path and the optical 
path. The number of such means desirable 

60 in a given application is an engineering 
compromise. The isotopic composition of 
the product formed varies along the length 
of the gas flow path. As one increases the 
number of recovery means, one decreases the 

65 isotopic mixture occurring within each 

recovery means. This improvement in pro-
cess efficiency is to be balanced against the 
extra cost of additional recovery means. If 
the product is a solid such as a lower fluoride 
of uranium, then the product recovery means 70 
may be a gas filter, a cyclone, or various 
other devices known in the art. 

Finally it is required that there be a 
plurality of product conversion means, each 
such means accepting the product recovered 75 
by one or a set of product recovery means, 
converting said product back to the original 
compound and recycling said compound 
back to the path of gas flow at a point up-
stream of the associated product recovery so 
means or set of means. The product recovery 
means or set of means which are furthest 
upstream need not have an associated pro-
duct conversion means since the product they 
collect may be sent on to whatever further 85 
processing is required by the end use of the 
isotopically enriched product. I t is preferred 
that the said upstream point of each con-
version means be so chosen that the isotopic 
composition of the converted product (iso- 90 
topically enriched compound) is approxi-
mately the same as that of the compound 
with which it is being mixed. 

I t wil l readily be appreciated that in the 
above terms enriched and depleted are 95 
defined in relation to the process being run. 
Thus if the process produced a product 
enriched in the lighter isotope(s) then the 
term "enriched" means enriched in the 
lighter isotope(s) whereas if the process pro- 100 
duces a product enriched in the heavier 
isotope(s) then the term "enriched" means 
enriched in the heavier isotope(s). 

I t is also to be recognized that the cross-
sectional area of the flow path may be 105 
greater than the cross sectional area of the 
optical path, although it is preferred to have 
the laser irradiation fill a substantial portion 
of the said flow path since the compound 
flowing outside the irradiation zone is not 110 
subject to isotopically selective conversion 
by means of the laser. I f mixing at right 
angles to the direction of flow is sufficiently 
rapid then such mixing only mixes materials 
of very similar isotopic composition and 115 
causes minimal loss of isotope separation. 
In effect said right angle mixing causes all 
of the flow to be within the irradiated region. 
However, although said right angle mixing is 
desirable, mixing parallel to the direction of 120 
flow has the effect of mixing materials of 
different isotopic composition and thereby 
degrading the isotopic separation process. 
One simple and effective means of maxi-
mizing right angle mixing and minimizing 125 
parallel mixing is to provide a long narrow 
tube as the flow path, i.e. the well-known 
plug flow reactor, wherein the length to 
diameter ratio of said tube is preferably 10 
or greater. 130 
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Naturally to practice the instant invention 
in an optimum fashion the user must prac-
tice the normal skill of the art. Thus, for 
instance, to achieve the best results the user 

5 must adjust the flow rate, the laser irradia-
tion and other process parameters in such a 
manner that the isotopic composition of the 
materials within the apparatus wil l tend 
toward steady state values, said steady state 

10 leading to the outputs from the apparatus 
being materials of the desired isotopic 
enrichment and depletion. 

I t wil l also be readily appreciated that 
one may, without going beyond the scope 

15 of the instant invention, place two or more 
reaction tubes and associated product 
recovery and conversion means within the 
optical path of a single laser system and 
interconnect the inputs and outputs of these 

20 tubes as may be desired. 
Although the preferred embodiment of 

the invention has been discussed broadly 
above, various details must be described to 
complete that description. 

25 The reaction tube 4 preferably has a 
length to diameter ratio of 10 or greater. 
The tube is wide enough so that relatively 
little laser radiation strikes the walls but 
narrow enough so that a substantial portion 

30 of the tube's cross section is filled with laser 
radiation. The overall direction of net gas 
flow within the tube is parallel or anti-
parallel to the optical path of the laser 
radiation. The length of that optical path 

35 is sufficient to absorb most of the laser 
radiation which the process can usefully 
accept. 

The location of the entrance tube 6 is 
dictated by the isotopic separation desired. 

40 i f a symmetrical separation is desired, that 
is if it is desired to produce enriched 
material at times x enrichment and to dis-
charge depleted material isotopically de-
pleted by the same factor x, then the 

45 optimum position for the entrance tube is 
at the center of the reaction tube. I f an 
asymmetric separation is desired, then to 
achieve high enrichment and low depletion 
the entrance tube is shifted downstream and 

50 conversely the entrance is shifted upstream to 
achieve low enrichment and high depletion. 

By definition exit tube 5 is at the down-
stream end of the reaction; there is, how-
ever, no reason why there could not be two 

55 exit tubes one upstream of the other if it 
was desired to produce material of two 
different isotopic depletions. Likewise the 
product recovery means or set thereof which 
are furthest upstream are by definition the 

60 exit point of the most highly enriched pro-
duct, but if i t were desired to produce pro-
ducts of different enrichments then the less 
enriched products could be tapped out at 
some point downstream of the ultimate 

65 product recovery means. 

Also within this preferred embodiment 
the point at which each conversion means 
returns the compound to the irradiation zone 
is chosen to be sufficiently far upstream so 
that the isotopic composition of said con- 70 
verted product approximately matches the 
isotopic composition of the compound with 
which it is being mixed. 

I t is also noted that the materials used 
in the above-described apparatus, the laser, 75 
the chemical conversion means, etc., have 
not been specifically described, since it is 
within the skill of the art to make the choice 
based on the isotopic enrichment, which is 
to be carried out. 80 

WHAT WE CLAIM IS: 

1. A method of operating upon a com-
pound which includes isotopes of an ele- 85 
ment to provide a product which is enriched 
in one of the isotopes of said element, in-
cluding the steps of: 

(1) providing irradiation along a path 
extending between two spaced-apart loca- 90 
tions; 

(2) introducing said compound into said 
irradiation path at a first introduction point 
between said two locations and flowing said 
compound towards a selected one of the two 95 
locations; 

(3) converting said compound in the irra-
dation path to said product in an isotopically 
selective manner; 

(4) removing said product from said irra- 100 
dation path at a first removal point between 
said first introduction point and said selected 
one of the two locations; 

(5) converting said product removed at 
said first removal point into said compound 105 
thereby providing a first stage enriched com-
pound; 

6) introducing said first stage enriched 
compound into said irradiation path at a 
second introduction point between said first 110 
introduction point and the other one of the 
two locations, and flowing said enriched com-
pound towards said selected one of the two 
locations; 

(7) further converting the enriched com- 115 
pound in the irradiation path to said pro-
duct in said isotopically selective manner; 
and 

(8) removing said product from said 
irradiation path at a second removal point 120 
between said second introduction point and 
said first introduction point. 

2. A method as claimed in claim 1, also 
including the steps of: 

(9) converting said product removed at 125 
said second removal point into said com-
pound thereby providing a second stage en-
riched compound; 

(10) introducing said second stage en-
riched compound into said irradiation path 130 
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at a third introduction point between said 
second introduction point and said other 
one of the two locations, and flowing said 
enriched compound towards said selected 

5 one of the two locations; 
(11) further converting the enriched com-

pound in the irradiation path to said pro-
duct in said isotopically selective manner; 
and 

10 (12) removing said product from said 
irradiation path at a third removal point be-
tween said third introduction point and said 
second introduction point. 

3. A method as claimed in claim 2, in 
15 which said second introduction point is 

chosen so that the isotope composition of 
said first stage enriched compound is ap-
proximately the same as that of the com-
pound in the irradiation path at said second 

20 introduction point. 
4. A method as claimed in any preced-

ing claim, wherein said compound is a gas. 
5. A method as claimed in any preced-

ing claim, wherein said compound contains 
25 uranium. 

6. A method as claimed in claim 5 
wherein said compound contains uranium 
in the naturally occurring isotopic distribu-
tion. 

30 7. A method as claimed in claim 6, 
wherein said compound is UFe. 

8. A method as claimed in any preced-
ing claim, wherein the compound is con-
verted, in said isotopically selective manner, 

35 in said irradiation path by means of a laser 
operating in the infrared region of the 
spectrum. 

9. A method as claimed in any preced-
ing claim, wherein the selectively converted 

40 isotope is converted by unimolecular dis-
sociation into said product which is there-
after separated from said compound. 

10. A method as claimed in claim 1 
and substantially as herein described. 

45 11. A method as claimed in claim 1 and 
substantially as herein described with ref» 
erence to the accompanying drawing. 

12. The isotope-enriched product of a 
process claimed in any preceding claim. 

50 13. Apparatus for operating upon a com-
pound which includes isotopes of an ele-
ment to provide a product which is enriched 
in one of the isotopes of said element in-
cluding: 

(1) means for defining an irradiation 55 
path, said irradiation path extending be-
tween two spaced-apart locations; 

(2) means for introducing said compound 
into said irradiation path at a first intro-
duction point between said two locations 60 
so as to flow said compounds towards a 
selected one of the two locations; 
(3) means for irradiating said irradia-

tion path whereby, in use of the apparatus, 
said compound wil l be converted to said 65 
product in an isotopically selective manner; 

(4) means for removing said product 
from said irradiation path at a first removal 
point between said first introduction point 
and said selected one of the two locations; 70 

(5) means for converting said product 
removed at said removal point into said 
compound whereby, in use of the apparatus, 
a first stage enriched compound is obtained; 

(6) means to introducing said first stage 75 
enriched compound into said irradiation path 
at a second introduction point between said 
first introduction point and the other one 
of the two locations; and 

(7) means for removing said product 80 
from said irradiation path at a second re-
moval point between said second introduc-
tion point and said first introduction point. 

14. Apparatus as claimed in claim 13, 
also including: 85 

(8) means for converting said product 
removed at said second removal point into 
said compound whereby, in use of the ap-
paratus, a second stage enriched compound 
is obtained; 90 

(9) means for introducing said second 
stage enriched compound into said irradia-
tion path at a third introduction point be-
tween said second introduction point and 
said other one of the two locations; and 95 

(10) means for removing said product 
from said irradiation path at a second re-
moval point between said third introduction 
point and said second introduction point. 

15. Apparatus as claimed in claim 13 100 
and substantially as herein described with 
reference to the accompanying drawing. 

K. J. VERYARD, 

15, Suffolk Street, 
London, S.W.I. 
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